Introduction {#Sec1}
============

The sudden worldwide outbreak of Coronavirus Disease 2019 (COVID-19) has certainly provided new challenges in the management of acute ischaemic stroke. In Italy, some hospitals have been promptly switched into COVID-19 centres and stroke patients diverted to other designated stroke units. In these hubs, a higher number of intravenous thrombolysis or mechanical thrombectomy procedures have been performed in both coronavirus positive and negative patients. Moreover, COVID-19 itself increases the risk of thromboembolic events without any scientific evidence on the best management \[[@CR1]\]. Current guidelines recommend intravenous thrombolysis as the first-line therapy in eligible patients. Excluding infectious endocarditis, no other infectious disease is a contraindication to intravenous recombinant tissue plasminogen activator (rt-PA) \[[@CR2]\]. Nevertheless, sepsis and milder inflammatory response influence negatively the rate of complications, disability and death in stroke patients \[[@CR3]\].

In this communication, we describe our preliminary experience of a Stroke Hub in Lombardia (Italy) in treating COVID-19 patients with intravenous thrombolysis in acute ischaemic stroke.

Case 1 {#Sec2}
======

A 75-year-old woman with a history of hypertension, dyslipidaemia and chronic kidney disease was admitted for acute onset of global aphasia and right hemiparesis. She was diagnosed with acute ischaemic stroke and was given intravenous rt-PA. No major arterial occlusion was detected. She was COVID-19 positive; her husband had died of COVID-19 pneumonia 3 days before. The patient experienced an initial improvement of right hemiparesis, but a second brain CT scan showed a left frontotemporal and parietal ischaemic lesion complicated by haemorrhagic transformation. During hospitalization, atrial fibrillation was detected. She was persistently feverish and finally developed respiratory insufficiency, treated with high flow oxygen therapy, piperacillin/tazobactam and Darunavir. Despite treatments, she deceased a week later.

Case 2 {#Sec3}
======

A 53-year-old man with a history of hypertension and dyslipidaemia developed acute left sensorimotor hemisyndrome: intravenous thrombolysis for acute ischaemic stroke was administered. We excluded the indication for mechanical thrombectomy with a CT angiography. In the previous days, he had experienced cough and myalgias. Chest CT scan showed ground glass opacities and nasopharyngeal swab was positive for low levels of SARS-CoV-2 RNA. The patient did not show any clinical sign of pneumonia and was treated with hydroxychloroquine alone. The deficits progressively improved and he was eventually discharged with a normal neurological and pulmonary clinical examination.

Case 3 {#Sec4}
======

A 77-year-old diabetic patient was admitted for wake-up onset of global aphasia and mild right hemiparesis. We performed brain CT scan with perfusion, showing a complete CBV/MTT mismatch without early ischaemic changes. He was given intravenous rt-PA. No endovascular treatment was performed. Chest CT scan showed COVID-19 related findings: he was administered hydroxychloroquine and antibiotic therapy. The next day, CT scan revealed a malignant haemorrhagic transformation of his left-hemisphere ischaemic stroke. Concurrently, the patient developed an EKG ST depression with cardiac troponin increase. He was diagnosed with sub-endocardial acute ischaemia, confirmed with a transthoracic echocardiography. He rapidly entered a comatose state and died 3 days later.

Case 4 {#Sec5}
======

A 59-year old man with a biological aortic valve prosthesis presented with acute-onset aphasia. He had a 3-week history of fever and cough. His general practitioner had clinically diagnosed COVID-19, treated with hydroxychloroquine and azithromycin. At admission, on suspicion of ischaemic stroke, in absence of contraindications, we started intravenous thrombolysis. During the infusion, the patient developed massive epistaxis and oral bleeding, so the infusion was stopped (more than 85% of the total rt-PA dose had already been administered).

Despite the resolution of the language disorder after thrombolysis, a control brain CT scan showed bilateral both ischaemic and haemorrhagic lesions. A chest CT scan revealed COVID-19 related pneumonia, treated with antivirals, antibiotics and oxygen therapy.

Transthoracic echocardiography showed infective endocarditis of the biological valve with a periprosthetic abscess. Cultures on blood specimens showed growth of *Enterococcus faecalis*, with response to ampicillin and ceftriaxone. Ten days later, brain CT scan showed reabsorption of haemorrhagic foci with neurological complete improvement. The patient was scheduled for cardiac surgery. Unfortunately, he never underwent surgery, because he had a sudden cardiac arrest a few days later. Since he had COVID-19, according to our hospital rules, we could not order an autopsy to certify the cause of death.

Discussion {#Sec6}
==========

To our knowledge, only one case of intravenous thrombolysis for stroke in a COVID-19 patient has been reported \[[@CR4]\]. Although rt-PA administration and endovascular treatment remain the core therapeutic strategies, atypical features and complications characterized the patients with SARS-COV-2 \[[@CR5]\].

A worse clinical outcome in patients with stroke and concomitant infection is well-known \[[@CR3]\]. This seems to be the same in patients presenting with stroke in the context of COVID-19: the overall mortality rate has been 38.5% in a small cohort of patients with COVID-19 developing stroke \[[@CR6]\]. In our hospital, during the month of March and April, the overall mortality of patients with ischaemic stroke and COVID-19 is 50% (3/4 in the patients treated with rt-PA and 4/10 in the others). During the same 2-month period, mortality in the COVID-19 negative group with ischaemic stroke was significantly lower i.e. 12% (3/15 in the patients treated with rt-PA or mechanical thrombectomy and 3/35 in the non-treated group).

In our four patients, cause of death was not always easy to assess reliably due to pandemic-induced constraints in availability of diagnostic facilities.

Of note, the only patient who survived displayed mildly elevated CRP levels and normal D-dimer values at admission and no haemorrhagic complication, while all the other three patients displayed elevated inflammatory indices and bleeding abnormalities (Table [1](#Tab1){ref-type="table"}).Table 1Clinical and demographical features of our four patientsPatient 1Patient 2Patient 3Patient 4Age75537759SexFemaleMaleMaleMalePatient history  Pre-stroke mRS (0-5)0000  ComorbiditiesAF, CKD, hypertension, hypercholesterolemia, obesity,Hypertension, hypercholesterolemiaDiabetesSmoking, biological aortic valve prosthesis, endocarditis  Antiplatelet/anticoagulantNoNoNoAntiplateletCOVID − 19 characteristics  Nasopharyngeal swabPositivePositive/Positive  Chest CTNegativeGround-glass opacitiesGround-glass opacitiesGround-glass opacities  FeverYesNoYesBefore the admission  CoughYes3 weeks before the admissionNoA few days before the admission  DyspnoeaYesNoYesYes  MyalgiaNo3 weeks before the admissionNoNo  Gastrointestinal symptomsNoNoNoNo  Days from COVID-19 diagnosis to stroke onset0000  Pharmacological treatmentDarunavir, piperacillin/tazobactamHydroxychloroquine, ceftriaxone + azithromycinHydroxychloroquineHydroxychloroquine, kaletra, LMWH, vancomycin + gentamicin, ampicillin + ceftriaxone  Oxygen therapyHigh-flowNoLow-flowLow-flowLaboratory findings  Glucose mg/dl144190362133  Creatinine mg/dl2,840,901,040,9  INR1,160,991,050,79  Platelets × 10\^9/L182251132197  Haemoglobin g/dl11,4015,113,211,7  Leucocytes × 10\^9/L6,87,37,521,5  Lymphocytes × 10\^9/L0,661,61,230,92  Neutrophils × 10\^9/L5,544,85,6619,48  LDH U/L492187/705  CPK U/L16279123/  Troponin pg/ml/\< 1510902380  aPTT seconds/323638  CRP mg/l19,42,94,4221  D-dimer mcg/ml/313/112,229  Fibrinogen/323305/  Ferritin microg/l/89/1907  IL6 pg/ml////Stroke features  Clinical symptomsGlobal aphasia and right hemiparesisLeft sensorimotor hemisyndromeGlobal aphasia and mild right hemiparesisGlobal aphasia  NIHSS at baseline85109  NIHSS after 24 h71200  Haemorrhagic transformationYesNoYesYes  Modified TOASTCardioembolicUnknownLAACardioembolic (endocarditis)  Large vessel occlusionNoNoNoNo  ComplicationsRespiratory insufficiencyNoneMyocardial infarctionCardiac arrest  OutcomeDeathComplete clinical recoveryDeathDeath/ means that we don\'t have this parameter

In conclusion, although the risk-benefit ratio in stroke patients treated with thrombolytic agents in times of COVID-19 pandemic is not well known, there are still no laboratory data or COVID-19 related changes that formally contraindicate the administration of rt-PA \[[@CR7], [@CR8]\].

Ongoing collaborative efforts are collecting more data from various centres that hopefully will help clinicians to better delineate the risk/benefit profile of reperfusion strategies in patients with stroke and COVID-19 infection; pending these results, clinicians should be aware of the non-negligible risk inherent to rt-PA treatment delivered to COVID-19 stroke patients.
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